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Strontium hexaferrite (SrFe12O19) particles were prepared by sol gel method at two different calcination temperatures, 
namely, at 800°C and 1000°C. It was found that SrFe12O19 prepared, at 800°C showed a mixture of Fe2O3 co-existed while 
at a higher temperature of 1000°C, no other oxide impurities was detected. Superconducting quantum interference device 
(SQUID) was performed on both the sol-gel prepared samples. The coercivity for the low temperature prepared SrFe12O19 
showed a much higher value of 6250 Oe compared with the high temperature prepared SrFe12O19 which was only 4500 Oe. 
In addition to the calcination temperature, the presence of Fe2O3 also affected the coercivity of the hexaferrite particles. 
Thermogravimetric analysis (TGA) was performed at 950°C on both the sol-gel samples and it was noted that the low 
temperature prepared SrFe12O19 has a higher weight loss about 3.2% compared to the high temperature sample which has a 
much smaller weight loss of only 0.6%. The high weight loss was attributed by the breakdown of Fe2O3. 
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1. Introduction 
Strontium hexaferrite (SrFe12O19) is well known for its high coercivity due to its magnetocrystalline 
anisotropy.  SrFe12O19 has been widely used in industrial applications as permanent magnets and, because they 
can be powdered and formed easily, they are finding their applications into micro and nano-types systems such 
as biomarkers, bio diagnostics and biosensors [1]. The preparation of this type of magnetic particles can be 
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either by gas or solid phase using high energy treatment of the materials, which is usually termed physical, 
while the chemical method is normally carried out in solutions in moderate temperature. Teh et al. [2] studied 
SrFe12O19 prepared by chemical method and found that it has an isomorphous structure analogous to the 
magnetoplumbite-type BaFe12O19, having a hexagonal symmetry of space group of P63/mmc. The 
magnetoplumbite hexagonal structure can be described as layers of closely packed oxygen ions that are placed 
upon each other along the hexagonal c-axis. The structure contains ten oxygen layers in its elementary unit cell. 
The S and S* (S = Fe6O82+) blocks are spinel with two oxygen layers and six Fe3+ ions. Four of the Fe3+ ions are 
in octahedral sites and have their spins aligned parallel to each other and the other two in tetrahedral sites, with 
the opposites spin directed to the octahedral iron ions. The hexagonal R and R* (R = SrFe6O112-) block consists 
of three oxygen layers and with one of the oxygen anions in the middle layer replaced by Strontium ion. The 
O2- ions exist as close-packed layers, with the Sr2+ substituting for an O2- in every five hexagonal layers [3].  
The sol-gel synthesis technique employing ethylene glycol as the gel precursor has been successfully carried 
out [2,4]. Teh et al. [2] reported that calcination temperature would affect the crystalline size and ultimately the 
properties of the produced oxide ferrites. It was reported [5] that at 500ÛC maghemite, JFe2O3, would be 
formed and at 600ÛC, a mixture of hematite, DFe2O3 and M-type SrFe12O19 was obtained. However, at 800ÛC 
and above, only M-type SrFe12O19 phase was observed. The co-formation of ferrite oxides in the low 
calcination temperature is unavoidable because it is part of the route process. Co-formation of Ȗ-Fe2O3 and 
SrFe12O19 is not uncommon and had been reported by Vogels and Evans [6].  At higher calcination temperature 
of above 800ÛC, most of the ferrite oxides would be depleted and left behind the high purity of the 
magnetoplumbite hexagonal ferrite. 
In this work, an attempt is made to employ the ethylene glycol as the gel precursor to synthesise nanosized 
M-type strontium ferrite at two different calcination temperatures (800oC and 1000oC). The produced ferrites 
were then characterized to determine their structural and magnetic properties. 
2. Experimental 
All SrFe12O19 was synthesized by chemical sol–gel route. Ethylene glycol was used as precursor where 
stoichiometric weight of Sr(NO3)2 [Sigma-Aldrich] and Fe(NO3)3.9H2O [R & M Chemicals] was dissolved at a 
temperature of 50qC for 2 hours. The solution was then dehydrated using a hotplate to enhance the gelation 
process. The dehydration process occurred over a period of 96 hours and subsequently a fine dried gel was 
obtained. The dried gel which contained finely mixed oxides of the materials was then calcined at the 
temperatures of 800qC and 1000oC for 96 hours with intermediate grindings, and subsequently quenched in air. 
Both SrFe12O19 powders calcined at 800qC and 1000oC were characterized using a Zeiss SUPRA™ 40VP 
field emission scanning electron microscope (Fe-SEM). X-ray diffraction spectra of SrFe12O19 powders were 
obtained using a Bruker D8 Advance diffractometer, equipped with a scintillation detector. All x-ray data were 
obtained using Cu KD radiation and corrected with respect to an external Silicon standard (NIST Si640b). The 
scanning angle, 2T, ranged from 0 to 80° covering the region where Fe2O3 and SrFe12O19 may be detected. The 
thermogravimetric analyses were performed under atmosphere using TGA/SDA851o Mettler Toledo. The TGA 
scans were carried out in the temperature range of 25oC – 950oC at a heating rate of 20oC/min. The hysteresis 
loops of the samples were measured with the Superconductivity Quantum Interference Device (SQUID) 
magnetometer, in the range of ±13.5 kG at 300 K.                                              
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3. Results and Discussion 
3.1. SEM Characterisation 
Figure 1 (a and b) are Fe-SEM images of the SrFe12O19 calcined at 800qC and 1000qC respectively that 
showed an average particle size of 200 nm for both samples. However, image for the sample calcined at 
1000qC (Fig. 1b) appears to be more pristine than the sample calcined at a lower temperature. The latter 
appears to be tainted and this could be due to the co-formation of iron oxides.  
  (a)     
 (b)  
Fig. 1. Fe-SEM image of SrFe12O19 calcined at (a) 800°C and (b) 1000°C.  
200 nm 
200 nm 
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3.2. XRD
XRD patterns for SrFe12O19 prepared at both temperatures are shown in Figures 2 and 3. The Fe2O3 impurity 
iron oxide co-existed because the formation of SrFe12O19 takes place at the surface. The high purity of 
SrFe12O19 will only form as the calcination temperature increases. Beretka and Brown [7] reported that heating 
of Strontium carbonate and iron (III) oxide in air and vacuum resulted in formation of SrFe12O19 and Fe2O3 
especially the latter tends to form at a temperature below 800qC. When the heating temperature increases to 
1000qC, especially in vacuum all the Fe2O3 was depleted leaving the high purity SrFe12O19 behind. Such an 
observation is not uncommon [8], owing to the formation of hematite (Fe2O3) then proceeds to magnetite 
(Fe3O4) and finally to wustite (FeO) before the oxygen is released leaving traces of iron as temperature 





Fig. 2. X-ray diffraction patterns of SrFe12O19 calcined at 800°C with peaks denoting the presence of iron oxide, Fe2O3. 
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Fig. 3. X-ray diffraction patterns of SrFe12O19 calcined at 1000°C showing high purity.  
 
3.3. Thermogravimetric Analysis 
Thermogravimetric analysis (TGA) was performed under an atmospheric condition, for both the low and 
high temperatures calcined SrFe12O19 and Figure 4 shows the weight loss after the treatment. The SrFe12O19 
sample calcined at low temperature shows a weight loss of 3.2% while the high temperature sample exhibited a 
weight loss of 0.6%. The TGA plot indicates that the low temperature prepared sol-gel SrFe12O19 sample has a 
gradual weight loss from weight percent of 99.99% to 98% when the heating temperature reached at 
approximately 650qC. As the heating continues, a sharp gradient of weight loss was observed where the sample 
exhibited a weight percent of 97.25% when the temperature reached at approximately 750qC. This weight loss 
amount to 0.75% would account for the final breakdown of the Fe2O3 to Fe [7,8]. Beretka and Brown [7] 
reported that the co-formation of Fe2O3 in SrFe12O19 resulted in the Fe2O3 starts to breakdown at 650qC and 
finally depleted at 1100qC. This observation is in agreement with the XRD patterns of the low temperature 
SrFe12O19 that consists of iron oxide, Fe2O3. The TGA indicated that the iron oxides impurity was depleted at 
elevated temperatures and oxygen atoms released to the atmosphere. This resulted in a huge cell volume of 
voids and a significant weight loss compared with the SrFe12O19 calcined at 1000qC. 
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Fig. 4. Weight loss versus temperature for both low and high temperatures sol-gel prepared  SrFe12O19 indicating the weight loss was much 
higher in the lower calcined temperature sample owing to the presence of iron oxide.  
3.4. Thermogravimetric Analysis 
The hysteresis loops of both samples are shown in Figure 5. The low temperature sol-gel prepared SrFe12O19 
has an intrinsic coercivity of 6250 Oe compared with the high temperature prepared sample with a coercivity of 
4500 Oe. High calcination temperature would affect the grain boundary and size which in turn affects the 
coercivity. Fu and Lin [9] reported that the crystallinity of SrFe12O19 was further enhanced as the annealing 
temperature increased above 850qC however the adverse effect is that the intrinsic coercivity would decrease. 
This phenomena was observed whereby the SrFe12O19 calcined at 800qC has an intrinsic coercivity of 6250 Oe 
when compared with the sample with its annealing temperature of 1000qC. Fu and Lin [9] also further stated 
that presence of residual iron oxide (Fe2O3) also has an effect on the high intrinsic coercivity because iron 
oxide is magnetic. No oxides were present in the high temperature sample, resulted in the observation of a low 
coercivity.  
The saturation and remanent magnetisations of the low temperature sol-gel prepared SrFe12O19 were 
recorded as 59 and 34 emu/g while the high temperature sample recorded as 85 and 48 emu/g respectively. The 
sol-gel SrFe12O19 annealed at 800qC showed a low magnetic remanent which may be attributed to the very 
small particle size compared to the sample prepared at high annealing temperature (1000qC) which has a larger 
particle size. Figure 1(a) showed the image of low annealing temperature sample indicating the particles 
possess high magnetocrystalline anisotropy and is favored in a single domain. Chen and Chen [10] reported 
that the magnetisation of BaFe12O19 ultrafine particles due to their large surface to volume ratio would affect the 
remanent of magnetization. This is because the energy of a magnetic particle in an external field is proportional 
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to its size via the number of magnetic molecules in a single magnetic domain. They concluded that when this 
energy is comparable to thermal energy then it would reduce the total magnetic moment at a given field.  
 
Fig. 5. The hysteresis loops of both low and high temperatures sol-gel prepared SrFe12O19. 
4. Conclusion 
    At a higher calcination temperature, the strontium ferrite formed larger particle sizes resulted in a reduction 
in its coercivity and an increase in both saturation and remnant magnetizations. The reverse phenomenon was 
observed for the low calcination temperature. SrFe12O19 calcined at low temperature resulted in formation of 
Fe2O3 which has an effect on the overall coercivity because Fe2O3 has a strong magnetic property. The presence 
of Fe2O3 in the low temperatures calcined SrFe12O19 confirmed that it would result in a higher weight loss 
owing to the iron oxide depleted at elevated temperatures. 
Acknowledgements 
The authors would like to acknowledge the support of Tunku Abdul Rahman University College, Malaysia, 
and Swinburne University of Technology, Australia. 
References 
[[1] Gubin S.P., Koksharov Y.A., Khomutov, G.B., Yukov, G.Y., 2005. Magnetic Nanoparticles: Preparation, Structure and Properties,  
Russian Chemical Reviews 74, p. 489. 
[2] Teh G.B., Wong Y.C., Tilley, R.D., 2011. Effect of Annealing Temperature on the Structural, Photoluminescence and Magnetic 
Properties of Sol-gel Derived Magnetoplumbite-type (M-type) Hexagonal Strontium Ferrite, Journal of Magnetism and Magnetic 
Materials 323, p. 2318. 
52   Yat Choy Wong et al. /  Procedia Engineering  76 ( 2014 )  45 – 52 
[3] Spaldin N., 2003.  Magnetic Materials: Fundamental and Device Applications, Cambridge University Press, U.K. 
[4] Teh G.B., Saravanan N., Jefferson D.A., 2007. A Study of Magnetoplumbite-type (M-type) Cobalt-Titanium-substituted Barium 
Ferrite, BaCoxTixFe12-2xO19 (x=1-6), Materials Chemistry and Physics 105, p. 253. 
[5] Garcia-Creda, L.A., Rodriguez-Frnandez, O.S., Resendiz-Hernandez, P.J., 2004. Study of SrFe12O19 Synthesized by the Sol-gel 
Method, Journal of Alloys and Compounds 369, p. 182. 
[6] Vogels, R.H., Evans, B.J., 1979. Solid State and Magneto-chemistry of the SrO-Fe2O3 System, Journal of Magnetism and Magnetic 
Materials 13, p. 294. 
[7] Beretka, J., Brown, T., 1971. Studies on the Reaction Between Strontium Carbonate and Iron (III) Oxide, Australian Journal of 
Chemistry 24, p. 237. 
[8] Quinn, T.F.J., Rowson, D.M., Sullivan, J.L., 1980. Application of the Oxidational Theory of Mild Wear to the Sliding Wear of Low 
Alloy Steel, Wear 65, p. 1. 
[9] Fu, Y.P., Lin C.H., 2005. Fe/Sr Ratio Effect on Magnetic Properties of Strontium Ferrite Powders Synthesized by Microwaved-induced 
Combustion Process, Journal of Alloys and Compounds 386, p. 222. 
[10] Chen, D.H., Chen, Y.Y., 2001. Synthesis of Barium Ferrite Ultrafine Particles by Coprecipitation in the Presence of Polyacrylic Acid, 
Journal of Colloid and Interface Science 235, p. 9.  
